Some studies suggested that a correlation between locations of BL Lacertae objects (BL Lacs) and the arrival directions of the ultrahigh energy cosmic rays (UHECRs) exists. Especially by assuming the primary particles charged +1 and using a galactic magnetic field (GMF) model to calculate the deflections of the UHECRs, the significance of correlation is improved. We construct a new GMF model by incorporating all progresses in the GMF measurements in recent years. Based on a thorough study of the deflections of the UHECRs measured by the AGASA experiment, we study the GFM model dependence of the correlation between the UHECRs and the selected BL Lacs using the new model together with others. It
els. However, this has to be carefully tested and yet to be seriously studied so far. This paper is devoted to try to start this test by constructing a new GMF model incorporating all recent progresses in the GMF measurements, comparing the deflections of UHECRs under different GMF assumptions and investigating the influences to the correlations between the UHECRs and the selected BL Lacs from the different GMF models.
Active Galactic Nuclei(AGNs) have been considered as UHECR sources by authors [6, 7, 8] . The AGASA data set [9] has exhibited some clustering in the experimental resolution. Some authors have suggested that the clusters are due to point sources (although the clustering has not been confirmed by the HiRes experiment [10, 11] in the experimental resolution). It has been argued that such positions of clusters might be aligned with locations of BL Lacs [1, 2, 3] . In those papers, significant correlations are expressed by assuming either neutral primary particles or protons with certain amount of deflection estimated using a specific GFM model. Based on those, it is concluded that the BL Lacs were likely the UHECR origins.
BL Lacs are blazars (AGNs with relativistic jets directed along the lines of sights) characterized in particular by the absence of the emission lines. This indicates low ambient matter and therefore favorable conditions for accelerating particles to ultra high energies. Some studies have suggested that the acceleration in the jets can be explained by pinch mechanism and the maximum energy of particles can well exceed 10 20 eV [12] . The AGASA results seem to enhance those hypotheses. However, the correlation between the UHECRs and the BL Lacs must be concretely confirmed, especially the GMF model dependence of the correlations needs to be investigated more thoroughly before drawing such a conclusion on this mechanism.
Deflections of charged UHECRs in the intergalactic magnetic fields are assumed to be random and unpredictable due to lack of knowledge about the magnetic fields, while the deflections in the GFM are somewhat predictable.
The knowledge about the GMF is greatly enhanced in last ten years by using the rotation measures (RMs) of pulsars and extragalactic radio sources.
The RM data reveals many new features of the GMF, such as a central rotating bar in the galactic plane, a dynamo structure in the galactic halo, a magnetic dipole at the galactic center (G.C.) and so on. The GMF model could be improved by taking all of the features into account. There are many GMF models available in the market depending on implementations of the new observational facts. This offers an opportunity for investigating the correlation between the BL Lacs and UHECRs more thoroughly, and the model dependence. We are trying to improve the GMF model by incorporating the newest updates of the RM measurements in this paper. The new model and other available models are used for the GMF model dependence study using the AGASA data. This study is essential for further investigation using HiRes data.
This paper is organized as follows. In Sect. 2, we describe the improvements of the GMF model and the differences between models. In Sect. 3, we analyze the UHECR deflections using different GMF model assumptions. We also reestimate the correlations between BL Lacs and UHECRs and test the GMF model dependence in Sect.4. We draw conclusions based on the comparisons in Sect. 5.
The Galactic Magnetic Field (GMF) is composed of regular field that keeps no change in time and closely associated with the matter distribution in our galaxy and turbulent field that is due to some localized activities of objects in our galaxy. Recent studies [13] , has discovered the turbulence occurs on all scales from a few pc to the whole galaxy that is actually the regular field. The strength of the turbulent field can be as large as twice of the regular field at the same place and the direction can be any direction. To model this turbulent field, one way is to randomly choose a direction for the field and randomly decide its strength according to a uniform distribution from 0.5 to twice of the regular field strength. The deflection effect of the turbulent field to the UHECRs will be discussed later.
The regular field can be described as three components depending on their sources. The main component is mainly located inside the disk of our galaxy where majority of the matter is distributed in a spiral structure, therefore the magnetic field is also distributed in the same spiral structure. This filed extends out of the disk with an attenuation along the perpendicular direction of the disk. The direction of the field is parallel to the disk. Except the natural extension of the disk field, a toric structure of the fields are found in the halo of our galaxy mainly within 4kpc from the disk in both upper and lower space.
The directions of the fields are along parallel to the disk, and reversed in upper and lower hemispheres. Evidences indicate that there is a dipole field at the center of our galaxy.
magnetic field model in the galactic disk
The field is mainly distributing in a spiral structure as the baryonic matter does. In the area beyond 4 kpc from the G.C., the model of the magnetic field in the galactic disk is described by the following parameters :
• Distance from the Sun to the Galactic center, R = 8.5 kpc,
• Local field strength, B 0 = 1.4 µG [13, 14] ,
• Distance from the sun to the first field reversal d=-0.2kpc [15, 16] ,.
The field strength at a point (r, θ) in the galactic disk is
where β ≡ 1/ tan(p), the constant phase φ is given by
and B(r) describes the change of the strength with distance from the center of our galaxy, it reads as
where r b = 7 kpc [18] .
Recently, there is a clear evidence from the GLIMPSE (Galactic Legacy MidPlane Survey Extraordinaire) about a bar-like structure , consisting of rela-tively old and red stars, in the center area of our galaxy. The bar is about 27,000 light years ( 8kpc) long, longer than previously believed. This survey also shows that the bar is oriented at about a 45
• angle relative to a line joining the sun and the center of the galaxy [23] . This bar-shaped structure has been built in the new GMF model for r < 4kpc. A Gaussian is used to describe it
where the field strength is 4 µG in the bar area that is about 1kpc wide.
The extension of the spiral and bar-shaped field in the halo, out of the galactic disk, may be described as
Where h=0.6 kpc[17].
toric magnetic fields in the galactic halo
The magnetic field in the halo near the galactic disk is dominated by the extension of the spiral field. In an area further away from the disk, the magnetic field is found having a dynamo-like structure which may be described better by a toric field model [16] . The magnetic fields in the rings in southern and northern hemisphere of our Galaxy have opposite directions. The rings are about +/-1.22 kpc away from the disk and are parallel to the disk. There are evidences showing that the strength of this field is about 1µG around z=1.5
kpc [24] . The toric field can be modelled by
where r t is 8.5 kpc, h t is 1.22 kpc and B t is 1.85 µ G.
dipole magnetic fields in the galactic halo
The local magnetic field in the vicinity of the solar system has bee found having a small vertical component about 0.3 µG and pointing from the South to the North [15] . This observational fact implies that there exists a dipole field in our galaxy, pointing north. The dipole fields is
where the constant µ G is assumed to be 184.2 µG(kpc) 3 , and r, θ, φ are the spherical coordinates at the center of galaxy and φ = 0 is the direction of the sun. This component seems to be very strong, and determined only by a small value measured at 8.5 kpc away from the diploe. It has to be tested with a great care.
Beyond 20kpc, there is not much experimental data, therefore the new model is only valid in a range of 20 kpc from the center of our galaxy in all directions.
In order to compare the new model with others, two models that used in It is note that all those models take the essentially same dipole component into consideration. Although the component is suggested by many authors [19, 20, 21, 22] , it has been tested carefully for its effect to the deflection of the UHECRs, since it is derived from such a small measured value of the field strength at such far away from the dipole. 
The analyse of deflection angle of three GMF models
The deflection angel is defined as the difference between the observed UHECR (assuming to be proton) direction and the primary direction of UHECR i.e. the direction outside our galaxy which is calculated by using time reversing symmetry . The 57 UHECR events observed by AGASA experiment (E > 4 × 10 19 eV ) adapted from the Ref. [9] are used as examples for studying the deflection of the UHECRs in the GMF and model dependence.
Using the new GMF model, most of AGASA events are found to be bent less than 10
• with a peak at 3
• , only one event is bent about 13
• . ( Fig. 3 ) .
With or without the turbulent components of the GMF, the deflection angles of the cosmic ray samples are compared in the same figure. It is shown that turbulent field does shift the deflection angle to be lager systematically, about 0.1 • . It is so small comparing with that caused by different GMF models that the turbulent component is negligible. The average bending angle is 3.16
• .
The dipole field at the galactic center is such strong that any particles pass by the GC could be bent severally. In Fig. 4 A save way is to cut on those events that pass the G.C. with a close distances. deflection. In the future the GMF measurements in the high galactic latitude region will be essential for understand of the cosmic ray deflections.
The correlation between UHECRs and BL Lacs
Using the chance probability function p(δ) introduced in Refs. [1, 2, 3, 25, 26] , the correlations between the UHECR events and sources were quantitatively From the data of QSO catalog [28] , 178 BL Lacs are selected according to a criteria of apparent magnitude to be less than 18 Ref. [2] . The focus of this paper is the GMF model dependence of the correlation between selected BL Lacs and the 57 AGASA events with deflections. First of all, the result in Ref. [2] is reproduced using the model-T as the dash-dotted line in Fig. 5 .
It clearly shows a minimum around δ = 2.7
• . Based on this, the authors claimed a significant correlation between the UHECRs and the sellected BL Lac samples. However, the same chance probability calculated using the new the consistency.
It is noted that the GMF model-T does not include the dipole field component.
It is also aware of that the dipole field component might be determined with a great deal of uncertainty. However, the case for the new model without the dipole component is also studied. From the Fig.4 , it is found that the distribution of the deflection angles is even more close to that from the model-T. Only for those the deflection angles are less than 1 • , the two models have different behaviors.
To understand the discrepancy between the results of the correlation analyses from those two models, the number of the event-source matching pairs around the AGASA resolution 2.5
• are listed for different GMF models in Table 1 .
The differences between the new model and the model-T are small. However, the chance probability jumps by 2 orders of magnitudes from 10 −4 to 10 −2 .
This indicates that the function p(δ) is too sensitive. A usual problem of such a sensitive method is poor stability or robustness of this method. It may be very useful for a big sample of UHECRs where more matched pairs are expected.
It is noticed that the number of pairs happen not to be affected by the dipole field component.
Conclusions
Using AGASA 57 UHECR (E > 4×10 Lacs may need to enlarge the UHECR event samples. There have been lots of UHECR events collected by the HiRes Experiment and Auger Experiment recently. To complete this study, however, more constraints on the GMF models based on further observations are crucial according to the discussion in this paper.
